r Increases in activity of trunk muscles that occur prior to, or concurrent with, a voluntary limb movement are termed anticipatory postural adjustments (APAs).
Introduction
Movement of the human body causes postural disturbances which alter the body's centre of mass. When standing or walking, this centre of mass is inherently unstable and vulnerable to both internally (i.e. rapid arm raising) and externally (i.e. support surface translation) induced perturbations (Belen'kii et al. 1967; Diener et al. 1988; Latash et al. 1995; Hodges & Richardson, 1997a) . The ability to sustain the stability of the centre of mass is therefore important to maintain upright posture and prevent falling. This can be achieved by two strategies: anticipatory and compensatory postural adjustments (APAs and CPAs), which are to minimise postural shift in advance of the expected perturbation and to rectify the alteration in balance following the perturbation, respectively (Alexandrov et al. 2005; Hall et al. 2010) .
The APAs are seen as changes in the background activity of postural muscles that occur prior to a predictable postural perturbation (Belen'kii et al. 1967) . For example, rapid shoulder flexion causes anterior displacement of the centre of mass, due to forward shift in arm placement, whilst reactive forces are imposed opposite to the direction of movement and cause trunk flexion (Belen'kii et al. 1967; Bouisset & Zattara, 1987; Friedli et al. 1988; Hodges et al. 1999 ). This motion is accompanied by activation of the erector spinae muscle (ES) to minimise postural displacement Hodges & Richardson, 1997a) . The adjustments are observed within a time frame too fast to be a result of afferent inputs generated by the focal movement (Bouisset & Do, 2008) (from −100 ms to +50 ms about movement onset; that occurs and thus they are feedforward and likely to be cortical in origin. Indeed, abnormal postural control is observed in animals and humans with cortical lesions such as stroke and cerebral palsy (Bard, 1933; Chan et al. 1979; Palmer et al. 1996; Bigongiari et al. 2011) . However, evidence suggests that inputs from brainstem, vestibular, and spinal cord also contribute to postural control of the trunk (Cottingham et al. 1988; Zedka et al. 1999; Galea et al. 2010) . Although it is accepted that postural functions involve variable cortical and subcortical input (Deliagina et al. 2008) , with some postural adjustments considered to have a greater contribution from the motor cortex (Massion, 1992; Viallet et al. 1992; Palmer et al. 1996) , further investigation is required to understand the underlying mechanisms of cortical control.
Transcranial magnetic stimulation (TMS) is a noninvasive method that allows investigation of corticospinal excitability via stimulation of the primary motor cortex (M1) (Barker et al. 1985; Amassian et al. 1990) . Many studies have shown that corticospinal projections to the trunk muscles, such as ES, exist and can be targeted by TMS over the M1 to elicit motor evoked potentials (MEPs) (Nowicky et al. 2001; Strutton et al. 2005; Chiou et al. 2014 ). An increase in the MEP amplitude in ES during a static arm abduction in both standing and lying positions has been reported (Davey et al. 2002) , suggesting that the facilitation of the ES was not posture-related. Furthermore, our work has shown that a greater corticospinal excitability to the ES occurred 25 ms following a rapid shoulder flexion task, compared to a static shoulder flexion task with matched ES activity (Chiou et al. 2016) , presumably due to the greater impending postural disturbance associated with the dynamic task.
Many studies on limb muscles have shown that corticospinal excitability increases from 50 to 100 ms prior to the onset of a voluntary movement. These studies used a simple reaction time protocol with TMS pulses at varying time points before movement onset to test the excitability of corticospinal projections to prime movers, including the hand (Rossini et al. 1988; Chen et al. 1998; Nikolova et al. 2006; Kennefick et al. 2014; Federico & Perez, 2017) , wrist (Leocani et al. 2000) , forearm (MacKinnon & Rothwell, 2000) , leg (Remaud et al. 2014) , and ankle (Schneider et al. 2004) . However, whether the profile of corticospinal excitability to the muscles which are involved in postural adjustments (e.g. trunk) but are not the prime mover is similar remains unclear.
The aims of this study were hence to examine changes in corticospinal excitability to the trunk muscles (non-prime movers) prior to an upper limb movement and whether the facilitation is posture-related. We hypothesised that corticospinal excitability will be increased at time points closer to the onset of the movement of the upper limb and this facilitation is likely to be mediated, in part, at a cortical level. Further, we hypothesised that the increase in MEPs will be independent of posture, as previous studies have observed postural adjustments of trunk muscles in microgravity (Layne & Spooner, 1990; Davey et al. 2004) . We examined the ES MEP amplitudes prior to the prime mover onset within the APA window time frame in standing and lying positions. Short-interval intracortical inhibition (SICI) using paired-pulse TMS and cervicomedullary motor evoked potentials (CMEPs) using magnetic stimulation at the cervicomedullary junction were performed to identify any cortical mechanisms which might underlie any changes in ES MEP amplitudes.
Methods

Ethical approval
The study was approved by Imperial College Research Ethics Committee (ref. ICREC 13 1 1) and performed in accordance with the Declaration of Helsinki. All participants provided written informed consent.
Participants
Thirty-four healthy adults (male: female 20:14; mean (SD) age 25 (6) years, height 175 (11) cm, body mass 75 (18) kg) were recruited from students and staff at the corresponding author's institution. Participants were excluded if they had a history of musculoskeletal abnormalities of the upper extremity, back musculature and axial skeleton (e.g. scoliosis and low back pain); or met the criteria for exclusion for the use of TMS (i.e. metal implants, cardiac pacemaker, history of epilepsy or fits, previous brain injury, neurosurgery, neurological disorders, psychological disorders, actively taking antidepressant or other neuromodulatory drugs (Rossi et al. 2011) .
Electromyography (EMG)
Bilateral EMG recordings were obtained from erector spinae (ES) at the 12th thoracic vertebral level (T12), rectus abdominis (RA) and deltoid. Pairs of Ag/AgCl electrodes (self-adhesive, 2 cm diameter, CareFusion, UK) were positioned approximately parallel to the muscle fibre orientation. A ground electrode was placed over the left anterior superior iliac spine. For ES, electrodes were positioned 3 cm either side of the spinous processes with an inter-electrode distance of 2 cm; for RA, 3 cm lateral to the midline immediately below the level of the umbilicus; for deltoid, over the anterior muscle belly with 3 cm separation between the electrodes. EMG data were filtered (10-1000 Hz), amplified (1000×; Iso-DAM, World Precision Instruments, UK) and sampled at 2 kHz using a Power 1401 data acquisition system and Signal v5 software (Cambridge Electronic Design [CED] , UK) connected to a personal computer for subsequent analysis.
Experimental procedures
Participants stood on a restraining device with arms straight and by the sides of the body with the dorsum of the hand facing anteriorly. A belt was secured around the hips to reduce leg and lower trunk movement (Fig. 1A, upper  panel) . Individual reaction time was determined using a recognition reaction time (RRT) protocol (Ziemann et al. 1997) . The protocol consisted of 10 'go' cues, delivered via a red light emitting diode (LED) positioned ß2 m from the participants at eye level, and 10 TMS clicks, with the coil held away from the participant's head. This protocol was used to ensure that participants reacted only to the LED light and not the TMS click, as this reaction type was required in the main experiment. Each cue (visual or TMS click) was preceded by a verbal warning-signal given by the experimenter. The interval between the warning-signal and the cue was varied by the experimenter and the type of cue was randomised. Participants were instructed to perform a rapid shoulder flexion task (Chiou et al. 2016) , which involved them raising both arms to 90°as fast as possible, without flexing the elbow or wrist, in response to the visual cue but not to the TMS click. The reaction time to the visual cue was determined for each trial as the time at which the mean rectified EMG amplitude of anterior deltoid exceeded 3 SDs above the mean pre-stimulus EMG level in a 50-ms window (Hodges & Richardson, 1997a ). This was averaged over 10 trials and used to set for the timing of the TMS pulses; the average reaction time was 163.73 ms ± 35.6 ms (SD), similar to the reaction time reported previously (Hodges et al. 1999) . For the purposes of EMG normalisation, participants also performed three brief (ß2 s) maximal voluntary contractions (MVCs) of the trunk extensors in a prone position with pelvis and leg strapped securely and resistance provided at the scapulae. Consistent verbal encouragement was given throughout.
Transcranial magnetic stimulation (TMS)
TMS was delivered to the motor cortex using a Magstim 200 2 mono-phasic stimulator (The Magstim Company Ltd, UK) connected to a figure-of-eight coil (wing outer diameter 10 cm), positioned over the approximate location of primary motor cortex (M1) at a site which elicited a maximal MEP in the contralateral ES muscle. The position of the coil was marked on the scalp to ensure consistent placement of the coil throughout the experiments. The coil was orientated 45°relative to the midline with the handle pointing posteriorly to induce a current flow in the anteromedial direction. TMS measurements included MEPs, short-interval intracortical inhibition (SICI) and cMEPs.
MEP. Participants stood upright with their pelvis strapped securely to minimise movement of pelvis and lower J Physiol 596.7 limbs. Active motor threshold (AMT) of the ES muscle was established while participants performed low level (ß10-20% MVC) voluntary isometric back extension. Threshold was defined as the lowest intensity of TMS that evoked visible MEPs in at least three of six consecutive trials. We identified MEPs as being visually distinguishable from background EMG, with a latency of ß13 ms and a duration of ß20 ms. The procedure was repeated to establish AMT for the other hemisphere; the one with the lower AMT was defined as the more excitable hemisphere (Masse-Alarie et al. 2012; Chiou et al. 2016 ) and chosen as the targeted hemisphere throughout the experiment (AMT: 62.44 ± 11.27% of maximal stimulator output, MSO). The intensity of TMS for the main experiment was set to 120% of AMT. Ten ES MEPs were evoked while participants stood upright with arms by the side as the baseline of corticospinal excitability of ES. In order to characterise the corticospinal excitability profile during the APA window, changes in corticospinal excitability of the ES along the course of the time prior to the EMG onset of the deltoid were assessed in 16 subjects. The timing of the TMS pulses was set at −100, −50, −40, −30, −20, and −10 ms with respect to the individual reaction time determined previously (Fig. 1B) . In addition to those test trials, control trials (with visual cues but without TMS) and catch trials (with TMS but without the visual cues) were also included. Catch trials ensured that participants responded only to the visual cue. Eight trials were randomised in one cycle and 10 cycles were repeated, with 80 trials in total. Where participants failed to respond correctly (e.g. before the visual cue, or responding to the TMS alone) more than once, the entire cycle was removed; the experiment was repeated until 10 cycles had only correct responses in them.
In order to examine if the corticospinal excitability profile of the trunk was independent of posture, the above assessments were also carried out while the participants were in supine lying (n = 10; Fig. 1A , right panel). Our pilot results (n = 9) showed that there was no difference in the RRT between standing and lying (standing: 159.8 ± 48.14 ms; lying: 148.00 ± 31.73 ms; P = 0.162). Hence, the reaction time obtained from the standing trial was used to set the timings of the TMS pulses. The individual AMT in lying was assessed (67.72 ± 9.07%MSO) and the intensity of 120% of AMT was used.
SICI.
To assess the cortical contribution to the changes in ES MEP during the APA window, SICI was tested in a different cohort with 18 participants using a previously described method (Kujirai et al. 1993 ). As we hypothesized that the corticospinal excitability would be increased at the time point closer to the reaction time, SICI was tested at −75 ms and at −25 ms with respect to the individual reaction time; it was also tested while participants stood upright with arms by the side (baseline). A conditioning stimulus (CS) was set at an intensity of 70% of AMT (48.91 ± 9.11%MSO) and a test stimulus (TS) was set at 120% of AMT (81.03 ± 19.57%MSO). The CS was delivered 2.5 ms before the TS. Since SICI can be affected by the test MEP size (Kujirai et al. 1993) and studies have shown increases in MEP size when the stimuli were given closer to the reaction time (MacKinnon & Rothwell, 2000; Kennefick et al. 2014) , we also tested SICI with an adjusted TS to obtain a MEP matched to the baseline MEP amplitudes. SICI was calculated by expressing the size of the conditioned MEP as a percentage of the size of the test MEP. Ten test MEPs and 10 conditioned MEPs were tested at baseline and at two different time points; the procedures were repeated.
Cervicomedullary MEPs (CMEPs).
To understand the contribution of altered spinal excitability to changes in ES MEP during the APA window, magnetic cervicomedullary junction stimulation was applied in a subset of participants (n = 7). A circular coil (diameter, 90 mm) was placed over one side of the neck (ipsilateral to the ES recording side), lateral to the inion (see Fig. 5A ), with current flowing downward in the coil (Taylor & Gandevia, 2004) . The TMS coil was held firmly to the head of the subject by one of the experimenters during the testing. Since the targeted muscle, ES T12, is innervated by dorsal rami of thoracic and lumbar spinal nerves (T8-L3), the response recorded from the ES was likely to be a result of direct corticospinal tract rather than nerve root stimulation (Taylor & Gandevia, 2004) . CMEPs were tested when the participant was standing with arms by the side (baseline) and at −75 ms and −25 ms in relation to the expected reaction time. The intensity was set to elicit a CMEP of a size similar to the participant's MEP size at baseline (CMEPs: 0.18 ± 0.13 mV; MEPs: 0.19 ± 0.03 mV; P = 0.94). Ten CMEPs were tested in each condition.
Data analysis
EMG frames were screened manually to remove those in which the onset of deltoid of ES activity occurred prior to the stimulus as well as those when no MEPs in ES were observed. Peak-to-peak MEP amplitude for each frame was measured from ES and RA EMG recordings and expressed as a percentage of the baseline MEP amplitude. Pre-stimulus EMG obtained from ES and RA was rectified and calculated as mean EMG amplitudes in a 100-ms window prior to the stimulus and presented as a percentage of MVC. The onset time of deltoid for each frame was calculated as the time at which EMG activity reached a value of 3 SDs above the mean pre-stimulus EMG level in a 50-ms window (Hodges & Richardson, 1997a) . The timing of the TMS pulse relative to the onset of deltoid was calculated and MEPs were then sorted in 10-ms windows and their magnitudes were averaged within each window.
The MEP latencies for ES and RA were determined visually from the average rectified EMG traces. To ensure that the changes in TMS measurements were not a result of changes in pre-stimulus EMG amplitudes, repeated measures ANOVAs were employed to examine the effect of time on pre-stimulus EMG. Student's paired t tests were used as post hoc tests and Bonferroni correction was applied to adjust for multiple comparisons. In addition, paired t tests were applied to examine differences in MEP amplitudes between baseline and the catch trial. Statistical significance was set at P < 0.05. Data are presented as means ± SD in the text and as means ± SEM in the figures. Figure 2A illustrates ES MEP traces recorded in standing and lying in a representative subject. Note that MEP amplitudes were increased at the time point closer to the expected reaction time. Two-way repeated-measures ANOVA showed a significant effect of time (F 7,35 = 4.16; P = 0.033) but no effect of posture (F 1,5 = 0.29; P = 0. from −59 to −50 ms; 135.43 ± 129.04%; P = 0.031); in addition, MEP size at −30 ms (data from −39 to −30 ms; 155.11 ± 84.06%) was significantly greater than that at −40 ms (P = 0.008). Note that ES MEPs collected at −20 ms and −10 ms were still greater than that obtained at −30 ms (n = 4; −20 ms: 244.75 ± 83.32%; −10 ms: 317.62 ± 275.547%) although they were not included in the statistical analysis as there were too few subjects where TMS was delivered at these time points before background EMG in ES had started to rise. There were no significant differences in other time points between −100 ms and −50 ms (all P > 0.05; Fig. 2B ). Furthermore, the magnitude of ES MEP at the catch trial (TMS only, no visual cue) was the same as that at baseline (P = 0.82).
Results
Motor evoked potentials (MEPs)
For the ES MEPs obtained in lying, repeated measures ANOVA demonstrated an effect of time (F 7,63 = 3.14; P = 0.034) and the post hoc tests revealed that MEP size increased significantly at −40 ms (189.00 ± 150.47%) compared to that at −50 ms (161.06 ± 76.05%; P = 0.026; Fig. 2B ), whereas the MEP size was not different between −100 ms and −50 ms. EMG activity of ES was comparable across all time points in standing (F 7,49 = 0.723; P = 0.653) and lying (F 2,16 = 2.662; P = 0.10; Fig. 2C ). Further, there was no main effect of posture (F 1,16 = 3.32; P = 0.09) or time (F 6,96 = 2.29; P = 0.07) on ES MEP latencies (standing, grand average 12.99 ± 2.70 ms; lying, grand average 12.01 ± 2.20 ms).
There was no main effect of posture or time on MEP size and EMG activity of RA (all P > 0.05; Fig. 3 ). In addition, MEP latencies of RA were not different between standing and lying or across all time points (standing, grand average 18.57 ± 2.74 ms; lying, grand average 19.52 ± 3.06 ms). Figure 4A illustrates an example of test and conditioned MEPs recorded from the ES while testing SICI in a representative subject. Repeated measures ANOVA showed an effect of condition (F 3,51 = 8.214; P < 0.001) on SICI. SICI decreased within the time between −49 ms and −1 (>−50 ms; 73.50 ± 25.19%; P = 0.015), compared to that at baseline (57.37 ± 19.36%), whereas SICI obtained within the time between −99 ms and −50 ms (<−50 ms; 64.82 ± 15.75%) was not different from that obtained at baseline (P = 0.086). Similar results were observed when SICI was tested by adjusting the size of the test MEPs to match the MEP amplitudes produced at baseline (87.84 ± 24.53%; P < 0.001; Fig. 4B ). There were no significant differences in pre-stimulus ES EMG activity across conditions (F 5,85 = 0.794; P = 0.434).
Short-interval intracortical inhibition
Cervicomedullary motor evoked potentials
Figure 5B demonstrates examples of CMEPs in the ES muscle in a representative subject. Note that CMEP amplitudes were similar across all conditions. The latency of CMEPs was significantly shorter than MEPs elicited by TMS (CMEPs: 9.81 ± 1.12 ms; MEPs: 12.90 ± 1.42 ms; P = 0.004). This, together with the distance between the stimulation site and the nerve root innervating ES T12, indicates that the stimulation activated corticospinal axons directly. Results from the group data showed that there were no significant differences in CMEP amplitudes of ES at baseline (0.18 ± 0.13 mV), within the time frame −99 ms to −50 ms (<−50 ms; 0.19 ± 0.15 mV) and between −40 ms and −1 (>−50 ms; 0.19 ± 0.15 mV; F 2,12 = 3.537; P = 0.10; Fig. 5C ). 
Discussion
Our findings demonstrate that corticospinal excitability in the ES increases initially at 40 ms prior to the shoulder flexion in both standing and lying. We found a reduction in SICI and no change in CMEPs, indicating that the facilitation of the ES MEP during the APAs is likely, in part, to be cortically mediated. This is supported by similar changes in corticospinal excitability seen in standing and lying.
Corticospinal excitability during the APAs
The increase in corticospinal excitability prior to voluntary movement has been well characterised in limb muscles directly involved in the task, albeit with variability in the time of the increase with respect to the onset of muscle activity. Studies on small hand muscles showed that MEP size increased at 80-100 ms before the EMG onset (Chen et al. 1998; Leocani et al. 2000; Kennefick et al. 2014; Federico & Perez, 2017) , whereas other studies from forearm muscles and leg muscles reported an increase in MEP between 10 and 50 ms prior to the EMG onset (Schneider et al. 2004; MacKinnon et al. 2007 ).
In the current study, we examined the time course of MEP facilitation in a postural muscle which is indirectly involved in the shoulder flexion task but activated for adjustment of the trunk to minimise displacement of the body's centre of mass (Belen'kii et al. 1967; Bouisset & Zattara, 1987) . We found that motor cortical excitability of projections to ES increased before voluntary muscle activation of the deltoid and the time of MEP facilitation started at 40 ms, consistent with those findings from the prime movers in the limbs (MacKinnon & Rothwell, 2000; Schneider et al. 2004; MacKinnon et al. 2007) , where a simple reaction time task was used. Simple reaction time is shorter than choice or recognition reaction time, but the time interval between an increase in corticospinal excitability and EMG onset has been shown to be similar between these reaction time protocols (Leocani et al. 2000) .
Task specificity of corticospinal excitability in ES
The increase in MEP size in the time leading up to shoulder flexion was observed in ES but not in RA, suggesting that corticospinal inputs controlling the postural adjustments to the trunk are task specific. Indeed, it is reported that the APA activity in the trunk muscles is dependent on the direction of shoulder movements. Activation of RA is usually observed after the onset of shoulder flexion, whilst activation of ES occurs prior to or coincident with the onset of the shoulder movement Hodges & Richardson, 1997a) . In contrast, during shoulder extension, RA activity is observed before the movement, whilst ES activity is reduced . Therefore, it is possible that testing corticospinal excitability of projections to RA during a shoulder extension protocol would reveal a profile similar to that observed in ES during the shoulder flexion used in this study; this has yet to be investigated. Further, we previously showed that corticospinal excitability in the ES was greater during a rapid shoulder flexion task than during a static shoulder flexion, whereas the excitability in the RA remained the same between the tasks (Chiou et al. 2016) . Arguably, we did not apply TMS over the hotspot for RA in the motor cortex. However, the motor cortical representations of ES and RA are likely to be very close and it has been shown that changes in MEPs in trunk muscles that are not the primary target of the coil can also be observed (Tsao et al. 2011) . Hence, if excitability of projections to RA was increasing, it is likely that they would have been detected. Similar task specificity has been observed in leg muscles with changes in MEP amplitude prior to stepping or heel raising being observed in an agonist muscle (e.g. stepping: tibialis anterior; heel raising: soleus) but not in an antagonist muscle (e.g. stepping: soleus; heel raising: tibialis anterior) (MacKinnon et al. 2007; Petersen et al. 2009 ).
Neural control of the APAs to the trunk
It is suggested that postural functions of the trunk muscles are controlled by cortical and subcortical mechanisms in humans and animals, with some postural adjustments considered to have greater contribution from the motor cortex. This is likely to be the case for APAs as they are initiated prior to the movement and hence pre-planned by the nervous system. This is substantiated by our current findings showing a reduction in intracortical inhibition at time points closer to the onset of the shoulder flexion. In addition, findings from limb muscles revealed that using neuromodulatory techniques (e.g. repetitive TMS, transcranial direct current stimulation) to supress neural activation of the supplementary motor area (SMA) could affect the timing and amplitude of APAs (Jacobs et al. 2009; Bolzoni et al. 2015; Richard et al. 2017) . This is in keeping with findings from patients with lesions in the SMA showing impairment of APAs during a bimanual unloading task (Viallet et al. 1992) . Our findings of no change in spinal motoneuronal excitability in the ES prior to the shoulder flexion task further suggest that the facilitation of corticospinal excitability observed during the APAs is due, in part, to the activity of intracortical circuits. Therefore, it seems likely that the APAs are modulated at cortical level, supporting a feedforward model of neural control by which the postural adjustments are prepared prior to voluntary movement.
Although the general consensus with regard to the trunk muscles during a fast arm movement is that they are activated before the prime mover (i.e. deltoid), studies have shown that during a rapid shoulder flexion task the onset of ES EMG activity was similar to (Hodges & Richardson, 1997b) or just prior to (ß10 ms) the onset of deltoid EMG (Jacobs et al. 2010) . We manually removed the frames if there was activity in ES prior to the brain stimulation; statistical results confirmed that the level of ES activity was comparable across all time points from −100 ms to −30 ms and therefore the changes in ES MEP size are unlikely to be due to changes in spinal excitability.
Corticospinal excitability in different positions
We found that corticospinal excitability to the ES increased prior to the shoulder flexion task in lying, when the requirements for postural adjustments are likely to be minimal. This is in keeping with a previous study showing that the EMG activity of paraspinal muscles occurred prior to a shoulder flexion task in both normal and microgravitational conditions, where the need for postural adjustments are also minimal (Layne & Spooner, 1990) .
Also, in a static arm abduction task, we have previously shown that facilitation of ES MEPs was present during microgravity (Davey et al. 2004) . Furthermore, MEPs in the contralateral ES during static arm abduction have also been shown to not be different in standing and lying (Davey et al. 2002) . Our results, together with those of others, support the hypothesis of cortical involvement in coordinated activation of the prime mover and the postural muscles. However, in contrast to this hypothesis, it has been reported that brain stimulation delayed the reaction time of a contralateral arm flexion but did not alter the timing of postural responses in ipsilateral elbow flexor, suggesting independent signals from each motor cortex controlling the prime mover and the postural muscles (Taylor, 2005) . This could be accounted for by the muscles recorded from or the nature of the task. Firstly, the study by Taylor examined the responses of upper limb muscles in a unilateral task, with the postural responses being recorded from the contralateral upper limb rather than trunk muscles. Secondly, the task in our study was simple; bilateral shoulder flexion in response to an auditory cue. Postural adjustments have been shown to be different depending on the nature of the task. For example, one study showed that upper limb trajectory in a reaching task was not affected by microgravity, whereas the postural strategy associated with it was strongly affected (Casellato et al. 2012) . However, other studies have shown persistence of postural control when simple movements have been performed in conditions of reduced gravity (Mouchnino et al. 1996; Vernazza-Martin et al. 2000) . It was speculated that the lack of a clear externally defined goal could have accounted for the differences between these studies (Casellato et al. 2012) . These results, together with the results of our study imply that the postural adjustments of the trunk muscles associated with a simple upper limb task are pre-planned and therefore persist in the absence of any postural requirement.
Clinical applications
Altered postural control is frequently observed in people with low back pain (Mok et al. 2007; Masse-Alarie et al. 2012) , in older adults (Kanekar & Aruin, 2014) and in a number of neurological disorders, including Parkinson's disease Bleuse et al. 2008) , multiple sclerosis (Krishnan et al. 2012) , cerebral palsy (Bigongiari et al. 2011) , and stroke (Pereira et al. 2014) . Therefore, this study has implications for informing the design of rehabilitation methods to focus on restoring and improving the timing and strength of APAs. Evidence for 'APA-focused rehabilitation' has been provided recently (Aruin et al. 2015) , where the delayed onsets in EMG activity in a number of postural muscles in older adults were advanced after a single training session of catching a medicine ball. They reported increased anticipatory activity in ES and an associated reduction in centre of pressure displacement during the compensatory phase, indicating the coupling of altering APAs with functional improvement, i.e. postural stability. This supports earlier findings (Santos et al. 2010) which demonstrated that larger APAs were associated with smaller CPAs. Hence, interventions targeting the neural control of the APAs to the trunk muscles are important for reducing instability and therefore reducing the risk of falls, to which the elderly are particularly vulnerable (Jacobs, 2014) . Further, TMS can be used as a diagnostic tool to assess the activity of circuits related to movement and posture prior to and following rehabilitation to ensure optimal pathways are engaged for improved functional outcomes (Groppa et al. 2012; Aruin et al. 2015) .
Conclusion
Our findings demonstrate that corticospinal excitability to ES increases at 40 ms prior to the arm movement in both standing and lying, indicating the contribution of corticospinal projections from the primary motor cortex in initiating APAs. In addition, the facilitation was only observed in the ES but not in the RA during the APAs, suggesting that the neural control to the muscles controlling the posture adjustments is task specific. Furthermore, we show that neural mechanisms of APAs are likely to have a cortical contribution, with decreased intracortical inhibition and no changes in spinal excitability prior to the shoulder movement.
